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ix

Preface

About the Seventh Edition
The seventh edition of Heavy Duty Truck Systems adheres 
to the structure of the previous edition, a model that 
appears to work for most users. However, preserving this 
structure was not without its challenges and one outcome 
is that there are some lengthy chapters. There is content 
that might at first sight appear to be a generation out of 
date to someone whose exposure to the trucking land-
scape is confined to the technology on view in our largest 
fleets and OEM dealerships in major cities. The term leg-
acy vehicle is often applied to older trucks but what con-
stitutes an older truck is up for debate. In a top ten fleet, 
a legacy truck can be anything in the yard that is 4 years 
of age or older, while according to California legislators, 
it’s anything prior to MY 2010. But the overall picture is 
different. In 2018, the average age of registered Class 8 
tractors on our roads was 91 months (ACT Research) or  
8 years and 7 months. The reality is that there are mil-
lions of aging trucks on our roads, and it is this segment 
of the national commercial fleet that occupies the most 
time spent in service and repair facilities. If you want 
proof of this, take a look at the threaded discussions 
on the HD online forum of the International Automotive 
Technicians Network (iATN). This is just a reminder that 
as educators we have a responsibility to be wary about 
how rapidly we replace the old with what’s new.

Teaching and Learning
As with previous editions, this textbook focuses on the 
ASE Education Foundation learning competencies. In 
doing so, it reinforces the ASE Education Foundation 
soft skills narratives for language arts, mathematics, 
applied science, and ethics. The primary objective is 
to present complex technology in easy-to-understand 
modules using everyday language. Language that might 
be classified as requiring a higher reading level is only 
used when it is in common usage in today’s truck service 
and repair industries. When words such as prognostics 
or telematics are introduced, they are explained in the 
core text along with being defined in the comprehensive 
glossary that appears in the appendices.

Heavy Duty Truck Systems becomes a more effective 
learning tool for students when used in conjunction with 
some of the augmented online learning modules. A short 
video or interactive workplace simulation exercise can 
often demonstrate a concept in minutes that might take 
the written word alone much longer. This is especially 
true when introducing subject matter such as electric-
ity or fluid power basics. Language skills and especially 
technical literacy are essential in the modern workplace, 
but sometimes visual simulations and demonstrations can 
help learners navigate the first steps to grasping a concept.

Changes in Technology
Recent advances in all-electric powertrain technology 
by Cummins, Motiv (Ford), Tesla, and others, suggest 
that trucking is taking the first steps away from using 
fossil fuels. The key to making the Class 8 all-electric 
truck is battery technology and over the past five years 
there have been significant advances. While all-electric 
trucks will be properly introduced in the next edition of 
the powertrain companion to this textbook, semi- and 
fully autonomous truck technology is already with us. 
The Society of Automotive Engineers (SAE) define five 
levels of autonomous vehicle operation and it should be 
noted that only Level 5 can be 100 percent driverless. 
Fully autonomous trucks are not going to become com-
monplace on our highways in the immediate future, but 
commercial vehicles categorized as semi-autonomous 
Levels 1 and 2 are widely in use today. We have had 
mandatory antilock braking systems (ABS) in trucks and 
trailers for more than twenty years and ABS is a Level 1 
autonomous vehicle technology.

In addition, to identifying the five levels of auton-
omous vehicle operation in this edition, the coverage 
on connected truck technology is expanded. Electronic 
logging devices (ELDs) became mandatory in Decem-
ber 2017 and today every OEM equips new trucks with 
telematics capability. Understanding the connected 
truck is essential for technicians from the first day they 
step into a truck service shop. This connectivity is used 
by federal and state enforcement agencies, by fleets 
to monitor driver and vehicle activity, by OEMs for the 
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data mining essential for prognostics, and by drivers for 
dispatch and location communications.

New to the 7th Edition
In addition to new images and updates to most chapters, 
some of the key new content added includes:

●● Lockout/tagout (LOTO): addresses the OSHA man-
date for shops to have both a LOTO policy and worker 
training in place.

●● VRMS: the shop repair and maintenance coding sys-
tem increasingly adopted by fleets; keys to VRMS 
code navigation.

●● R-1234yf: refrigerant system used in some medium-
duty truck and school bus A/C systems.

●● Electronic logging devices (ELD): mandated in 
trucks since December 2017, the emphasis is on 
shop and technician responsibilities.

●● Intelligent wheel hubs (SmartHub): operating 
principles.

●● PicoScope and scopemeters: using oscilloscopes 
for basic electrical and advanced electronics 
diagnostics.

●● DIN wiring schematics: navigating current track wir-
ing coding and schematics.

●● Introduction to SAE’s five levels of autonomous truck 
chassis management.

Student and Educator Feedback
The ongoing contribution by users of this book has been 
invaluable. As it goes into a 7th edition, the book con-
tains hundreds of suggestions that were sourced from 

students and instructors. Increasingly, my role as a writer 
has been to filter feedback and incorporate it into each 
successive edition. These contributors are mostly edu-
cators working in truck, heavy equipment, and diesel 
programs in the United States, Canada, Australia, and 
New Zealand, who have taken the time to do something, 
perhaps as small as to identifying a typo, or as significant 
as suggesting a different approach to delivering subject 
matter. Thanks to communications technology, a direct 
connection to readers is possible and this widespread 
collaboration by educators makes for better books. Col-
lating and organizing input from a wide range of sources 
so that it works as an effective teaching tool is important 
to an author today, as is experience, researching, and 
writing.

While I am indebted to all my reviewers, a couple 
deserve a special mention because over multiple edi-
tions they have had a major influence in shaping the 
book’s current content. I would especially like to single 
out Bernie Andringa of Skagit Valley College and John 
Murphy of Centennial College for their contributions over 
the years.

Sean Bennett
May 7th, 2018
email@seanbennett.org
www.seanbennett.org
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Features of the Text
Learning how to maintain and repair heavy-duty truck systems can be a daunting endeavor. To guide the readers 
through this complex material, we have built in a series of features that will ease the teaching and learning processes.

OBJECTIVES
Each chapter begins with the purpose of the chapter, stated in a list of 
objectives. Both cognitive and performance objectives are included in 
the lists. The objectives state the expected outcome that will result from 
completing a thorough study of the contents of the chapters.

KEY TERMS
Each chapter also includes a list of the terms that are introduced in 
the chapter. These terms are defined in the glossary and highlighted 
in the text when they are first used.

1

1

Key Terms

air brakes

American Trucking 

Association (ATA)

automated manual 

transmissions (AMTs)

automatic onboard recording 

devices (A
OBRD)

autonomous

autonomous truck (AT)

axle

come-backs

Commercial Vehicle Safety 

Alliance (CVSA)

dedicated contract cartage 

(DCC)

differential

dimethyl ether (DME)

driveshaft

electronic logging device 

(ELD)

electronic onboard recorder 

(EOBR)

end yoke

Federal Motor Carrier Safety 

Administration (FMCSA)

fifth wheel

franchised dealership

freight efficiency

full trailer

gross vehicle weight (GVW)

heavy-duty truck

H-Series Certification

hotel load grid

hybrid drive

J1321

just-in-time (JIT) delivery

kingpin

landing gear assembly

less-than-truckload (LTL) 

carriers

linehaul

LIDAR

logistics

model year (MY)

multimodal transportation

multiplexing

ASE Education Foundation

National Highway Traffic 

Safety Administration 

(NHTSA)

National Institute for 

 Automotive Service 

 Excellence (ASE)

natural gas (NG)

original equipment 

manufacturer (OEM)

out-of-service (OOS)

owner-operator (O/O)

pickup and delivery (P&D)

policy adjustment

power

powertrain

Recommended Practice (RP)

ObjecTives

After reading this chapter, you should be able to:

•• Explain the basic truck classifications.

•• Define gross vehicle weight (GVW).

•• Identify the major original equipment manufacturers 

(OEMs).

•• Classify a truck by the number of axles it has.

•• Identify an on-highway truck’s major systems and its 

related components.

•• Identify various career opportunities in the heavy-

duty trucking industry.

•• Explain the job classifications offered by the truck 

industry to qualified and experienced technicians.

•• Understand the National Institute for Automotive 

Service Excellence (ASE) certification program and 

how it benefits technicians.

•• Distinguish ASE T-, S-, and H-qualifications and 

understand what is required for Master Technician 

status.

•• Identify some methods of maintaining currency as a 

truck technician.

•• Explain how the electronic logging device (ELD) 

mandate affects how technicians work on  

vehicles.

inTrOducTiOn 

TO  servicing 

Heavy-duTy TrucKs

87109_ch01_hr_001-026.indd   1

6/27/18   11:10 AM

SHOP TALK
These features are sprinkled throughout each chapter 
to give practical, common-sense advice on service and 
maintenance procedures.

1.3 CAREER  OPPORTUNITIES FOR HEAVY-DUTY TRUCk TECHNICIANS 13
the country is United Parcel Service (UPS). A courier 

operation consists of both air and ground vehicles that 

operate between customers and operational hubs. 

The emphasis is on speed and reliability. UPS oper-

ates a combination of light- to heavy-duty vehicles 

in its ground fleet. In other words, it combines P&D, 

LTL, and linehaul operations and enhances them with 

air freight capability and comprehensive logistics.

•● Dedicated contract cartage. Dedicated contract cart-

age (DCC) is managed to accommodate a specific 

customer’s cargo requirements, and in addition to 

trucking it often provides warehousing and logistics 

planning.
•● Vocational. Vocational trucking operations cover a 

broad range of applications of a specialty nature 

and include such operations as aggregate haulers, 

concrete trucks, fire trucks, milk tankers, livestock 

carriers, crane chassis, and others.

•● renting and leasing. Leasing operations continue 

to be popular with large companies who wish to 

maintain a hands-off distance between their ship-

ping/trucking requirements and their main business 

activity. For instance, a food services provider has a 

primary mandate of getting food from growers and 

suppliers to its customers, and because of this it has 

considerable truck haulage requirements. In some 

cases it makes sense to make a third party respon-

sible for the trucking aspect by leasing both trucks 

and logistical services.
•● Owner-operator. The owner-operator (O/O) is an 

American tradition in trucking, and despite dimin-

ishing numbers, they still account for a little over 

10 percent of heavy-duty trucks on our highways. 

O/Os may be retainer contracted by a large carrier, 

operate on specialty runs, or make themselves avail-

able on a general for-hire basis.

flEEt opEratIonsThe trucking industry was deregulated in the United 

States by the Motor Carrier Act of 1980, and this 

changed the structure of the trucking industry. Truck 

haulage used to be an industry of small businesses, but 

this has changed due to intense competition and cost 

undercutting, which makes it difficult for small opera-

tions to compete. The owner-operator today retains an 

ever-decreasing portion of the freight market. To survive, 

the owner-operator must usually be affiliated with one of 

the large operators. As each year goes by, the top 100 

carriers increase their percentage of the total haulage 

market revenues, helped along by rising fuel costs. Large 

operations can function on much smaller margins while 

they squeeze out smaller operations.
Fleets operate in different ways; some have specialty 

cargo haulage preferences of some kind, and many of 

the largest of the nation’s carriers keep as much of the 

operation in-house as possible. The following section 

explains some of the terminology used to describe fleet 

operations.
•● logistics. logistics is the organization of tracking, 

moving, storing, and delivering cargo.

•● linehaul. Fleets manage linehaul carriers to oper-

ate terminal to terminal. The terminals are usu-

ally located in the outer limits of large cities. This 

enables linehaul trucks to run mostly on highways. A 

large fleet uses linehaul trucks to run goods terminal 

to terminal and pickup and delivery (P&D) trucks to 

link its customers to the terminals.

•● Just-in-time delivery. Computerized management 

of trucking activity has enabled just-in-time (JiT) 

 delivery operations, usually known simply as JIT. The 

objective is to time the delivery of a cargo to a major 

assembly plant so that a load can be unloaded and 

phased directly into a production line. The result is 

that the cargo does not have to be stored as inven-

tory by the assembly plant.
•● less-than-truckload. less-than-truckload (lTl) carri-

ers specialize in collecting smaller cargoes in termi-

nals, then bulk shipping to another major terminal 

before redistributing the load for customer delivery. 

This works a little like a courier service but usually 

is more economical and less fussy about the type 

of cargo.
•● Pickup and delivery. Pickup and delivery (P&D) 

trucks are usually lighter-duty units used to deliver 

loads to a linehaul or LTL operator terminal—or 

 disperse them for final delivery.
•● Courier fleets. The largest operator of a truck fleet 

(measured by revenues and number of power units) in 

sHOP TaLK
Because it involves long-distance highway driving, 

linehaul mileage is considered by chassis and engine 

manufacturers as an indicator of vehicle longevity. The 

life of a chassis or chassis components is often rated in 

“linehaul” miles. To convert linehaul miles into engine 

hours, divide the mileage value by 50.
flEEt sHopsA company that owns or operates vehicles has ongoing 

vehicle service and maintenance requirements. Whereas 

small fleets often use the services of a dealership or 
87109_ch01_hr_001-026.indd   13
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2.3 OxyACETyLENE EqUIPMENT 37
2.3 oxyaCetylene equIPment

Technicians use oxyacetylene for heating and cutting on 

a daily basis. This equipment is used less commonly for 

braising and welding. Some basic instruction in the tech-

niques of oxyacetylene equipment safety and handling is 

required. The following information should be understood 

by anyone working in close proximity with oxyacetylene 

equipment. Figure 2–10 shows an automatic oxyacety-

lene bench station used for precision cuts on steel.
aCetylene CylIndersAcetylene regulators and hose couplings use a left-hand 

thread. The regulator gauge working pressure should 

never be set at a value exceeding 15 psi (100 kPa): 

acetylene becomes extremely unstable at pressures 

higher than 15 psi (100 kPa). The acetylene cylinder 

should always be used in the upright position. Using an 

acetylene cylinder in a horizontal position will result in 

the acetone draining into the hoses.
It is not possible to determine with any accuracy the 

quantity of acetylene in a cylinder by observing the pres-

sure gauge because it is in a dissolved condition. The only 

really accurate way of determining the quantity of gas in the 

cylinder is to weigh it and subtract this from the weight of 

the full cylinder, often stamped on the side of the cylinder.

Mains Electrical Equipment
Mains electrical circuits, unlike vehicle electrical cir-

cuits, operate at pressures that can be lethal, so you have 

to be careful when working around any electrical equip-

ment. Electrical pressures may be single-phase main 

operating at pressure values between 110 and 120 volts 

or three-phase operating at pressures between 360 and 

600 volts. In some jurisdictions, repairs to mains electri-

cal equipment and circuits are required to be undertaken 

by certified personnel. If you undertake to repair electri-

cal equipment, make sure you know what you are doing!

Take extra care when using electrically powered 

equipment when the area you are working in is wet. And 

remember that a transient spike of AC voltage driven 

through a chassis data bus can knock out electronic 

equipment networked to it. Electrical equipment can 

also be dangerous around vehicles because of its poten-

tial to arc and initiate a fire or explosion.

Do not undertake to repair mains electrical circuit and 

equipment problems unless you are qualified to do so.

Warning

Some examples of shop equipment using single-

phase mains electricity are:•● Electric hand tools•● Portable electric lights
•● Computer stations•● Drill presses•● Burnishing and broaching tools

Take care when using trouble lights with incandescent 

bulbs around volatile liquids and flammable gases: these 

are capable of creating sufficient heat to ignite flam-

mables. Many jurisdictions have banned the use of this 

type of trouble light, and they should be never used in 

garages in which gasoline-, propane-, and natural gas-

fueled vehicles are present. Best bet: use fluorescent or 

LED trouble lights in rubber-insulated housing!

cauTiOn

Some examples of shop equipment using high volt-

age, three-phase electricity are:•● Most welding equipment
•● Dynamometers•● Lathes and mills•● Large shop air compressors

It is a common malpractice to set acetylene pressure 

at high values. Check a welder’s manual for the correct 

pressure values to set for the equipment and procedure 

you are using.

cauTiOn

FIGURE 2–10 Auto-guided oxyacetylene bench fixture 

used for precision cutting.
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WARNING and CAUTION
Since shop safety is the most important concern among 
instructors, cautions and warnings appear frequently to 
alert students of safety concerns.
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xii  Features of the Text

50 CHAPTER 2 SHOP SAFETy AND OPERATIONS
•● Take care when oxyacetylene cutting or electric welding 

and always use protective eyewear with the correct fil-

ter shades. Avoid contact with hot metal components, 

and practice caution when working around flammable 

substances and potentially toxic gases.

•● Take care when using a hydraulic press. Use protective 

eyewear. Make sure you are protected by safety cages 

or barriers.
•● The work area should be kept clean, dry, and organized. 

Flammable liquids and solvents should be handled and 

stored carefully.•● Emergency telephone numbers and a first-aid kit 

should be handy.•● Use firefighting equipment appropriately: water or foam 

on ordinary combustibles; foam, carbon dioxide, or dry 

chemicals on burning liquids; carbon dioxide or dry 

chemicals on burning “live” electrical equipment; and 

special extinguishing agents on burning metals.

•● Select, store, use, and maintain shop tools properly.

•● Hazardous materials used in heavy-duty truck repair 

include flammable, corrosive, reactive, and toxic 

materials. your employer is obligated to inform you of 

potential hazards in your workplace, and you have a 

right to protect yourself from them.
•● Specific laws govern the disposal of hazardous wastes, 

including oil, antifreeze/coolants, refrigerants, batter-

ies, battery acids, acids and solvents used for cleaning, 

and paint and body repair product wastes. Hazardous 

wastes may be recycled in the shop or removed by a 

licensed disposal hauler.•● By law, records must be kept by each shop of the 

repair and maintenance of trucks involved in interstate 

shipping.
•● Computers have become part of the way of life in truck 

service shops. They are used for diagnostic routines, 

maintenance tracking, parts inventory control, work 

order generating, personnel management, and cost 

tracking.
•● Lockout/tagout (LOTO) procedure is required to be 

incorporated into shop policy as a key to reducing work 

injuries.
•● LOTO policy is designed to protect workers; ignoring or 

short-cutting LOTO procedures can expose technicians 

and their colleagues to potential injury.

revieW QuesTiOns1. In this book, the sections that contain cautions 

about situations that might result in personal injury 

are labeled with what special notation?

a. SHOP TALKb. SAFETy RULES c. CAUTIONd. WARNING

2. The best way to prevent eye injury is to:

a. take care during grinding or other operations 

that throw off particles.
b. always wear safety glasses.
c. always wear a bump cap.
d. make sure a source of running water is avail-

able to flush foreign matter out of the eyes.

3. Which of the following describes a safe lifting and 

carrying practice?a. Twist your body when changing your direction 

of travel while carrying a heavy object.

b. Bend forward to place a heavy object on a 

shelf or counter.c. Lift by bending and then straightening your 

legs, rather than by using your back.

d. Position your feet as far as possible from the 

load when you begin to lift.
4. Oil on the floor of the work area can be cleaned up 

using a _______________.

5. The exhaust pipe of a diesel engine must be con-

nected to the shop exhaust system to protect 

against:
a. breathing harmful emissions.
b. carbon monoxide.c. carbon dioxide.d. fire.

6. Do NOT attempt to put out a Class B fire using:

a. foam.b. carbon dioxide.c. a dry chemical type extinguisher.
d. water.

7. A Class C fire involves:a. ordinary combustibles, such as paper or cloth.

b. a flammable liquid.c. live electrical equipment.
d. combustible metals.8. To use carbon dioxide to extinguish a fire, direct 

the discharge:a. at the top of the flames.
b. first at the edge of the fire, then forward and 

upward.c. at the base of the flames.
d. several feet over the top of the flames.
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PHOTO SEQUENCE
Step-by-step photo sequences illustrate practical shop 
techniques. The photo sequences focus on techniques 
that are common, need-to-know service and maintenance 
procedures. These photo sequences give students a clean, 
detailed image of what to look for when they perform these 
procedures.

3.5 FASTENERS 91Photo Sequence 2

P 2–1 For this exercise, we are going 

to look at how to install a Helicoil 
insert. The first step is to measure 
the screw-pitch using a set of pitch 
gauges. This will determine the size of 

drill, tap, and insert required for the 
procedure.

P 2–2 The above image shows the 
tools required to insert a standard 
Helicoil insert. This kit shown includes 

a double-end adjustable (bar) tap 
wrench, a T-chuck tap wrench (more 
compact), a tap, and a Helicoil drive 
mandrel with an insert.

P 2–3 Helicoil inserts are available 
for almost any Standard or Metric fas-

tener thread pitches. The above image 

shows a 1⁄4-20 inch kit, which includes 

the appropriate drive lug and tap. The 

inserts can also be purchased sepa-
rately at lower cost.

P 2–4 Using the instructions on the 

Helicoil kit, select the specified drill 
bit and drill out the existing threads. 
When drilling into a blind hole such as 

that shown above, take care not to drill 

at a depth beyond the existing hole.

P 2–5 Insert the specified tap into a 

tap bar wrench such as the one shown 

above. In cases where there is insuffi-

cient clearance, a T-type tap driver may 

have to be used, but these are more 
difficult to hold square to the hole. In 

these cases, use a square to ensure 
that the threads are tapped square.

P 2–6 Ensure that the tapped hole 
is completely clean. Insert the Helicoil 

insert into the driver lug threads and 
lock the driver as shown in the image 

above.

P 2–7 Rotating the tap driver, turn 
the Helicoil insert into the newly cut 
threads. P 2–8 After insertion, the insert 

should be fractionally below flush as 
shown in the image above.

P 2–9 Finally, check that the specified 
fastener turns easily into the insert threads. 

CAUTION: In instances where a thread 
insert is to be installed into an open hole 
that must seal, apply an appropriate thread 

sealant to both the insert and the fastener.

rePaIrIng damaged tHreads
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SUMMARY
Highlights and key bits of informa-
tion from the chapter are listed 
at the end of each chapter. This 
listing is designed to serve as a 
refresher for the reader.

REVIEW QUESTIONS
A combination of short-answer essay, fill-in-the-blank, 
multiple-choice, and ASE-style questions make up the 
end-of-chapter questions. Different question types are 
used to challenge the reader’s understanding of the 
chapter’s contents. The chapter objectives are used as 
the basis for the review questions.

SUMMARY 25

tractor is coupled to a fully loaded trailer, it can acceler-

ate from 0-60 mph (0-96 km/h) inside of 20 seconds 

and hold a 65 mph (100 km/h) road speed while climb-

ing a 5 percent grade. In addition, the driving experi-

ence is improved. The driver faces two touch screen 

displays mounted on either side of the steering wheel; 

these are used to display the vehicle navigation system 

and vehicle operational status. In addition, the truck is 

equipped with full telematics capability known as vehicle 

to infrastructure (V2I), infrastructure to vehicle (I2V), 

and vehicle to vehicle (V2V). V2V is a key technology 

required to enable truck platooning convoys, which are 

a major energy saver.

truck is easy to manage by a driver with much lower 

skill levels than those required to drive current Class 8 

semi-trailers. 

Tesla Driver Experience

Anyone who has driven a hybrid electric vehicle will 

vouch for the superior off-the-line torque (acceleration) 

provided by AC electric motors compared with a con-

ventional diesel-powered truck or bus drivetrain. This 

element of the driving experience is further improved in 

an all-electric truck. A bob-tailed Tesla truck is claimed 

to be capable of a 0-60 mph (0-96 km/h) launch, which 

betters that of some performance cars. When the same 

summary

•● Although the number of trucks and automobiles in 

America is increasing, the number of technicians avail-

able to service and maintain them is decreasing.

•● Trucks are classified
 by their gross vehicle weight (GVW), 

the weight of the vehicle and maximum load, and by 

the number of axles they have. Heavy-duty trucks have 

a GVW of 26,001 pounds (11,794 kg) or more.

•● The major systems in on-highway trucks are engines, 

electrical systems, clutches, transmissions, drive 

shafts, axles, steering, suspension systems, wheels 

and tires, brakes, vehicle retarders, chassis frame, fifth 

wheel, heating and air conditioning, electronic controls, 

and accessories.

•● Heavy-duty truck technicians are employed by fleet 

operations, fleet shops, dealership shops, independent 

truck service shops, specialty service shops, and other 

types of truck shops such as truck leasing and refuse 

haulers.

•● Job classifications in the heavy-duty truck industry 

include the service technician, who maintains and 

repairs all sy
stems; the specialty technician, who main-

tains and repairs a single system; the service writer, 

who deals directly with drivers and communicates 

truck problems to the service technician; the parts 

manager, who maintains the inventory of parts needed 

for maintenance and repair; the shop supervisor, who 

is in charge of the service technicians; and the service 

manager, who oversees the entire service operation of 

a large dealership, fleet, or independent shop.

•● A successful heavy-duty truck technician must be able 

to maintain good customer relations and working rela-

tions, use effective communications skills, maintain 

a safe work environment, perform preventive mainte-

nance, use tools and equipment properly, troubleshoot, 

correct problems by repairing or replacing, and upgrade 

skills and knowledge continuously.

•● Training for heavy-duty truck technicians is offered 

by vocational/technical schools, community colleges, 

fleet training programs, and manufacturer training 

programs.

•● Heavy-duty truck technicians with at least 2 years of 

hands-on experience can obtain certification from the 

National Institute for Automotive Service Excellence 

(ASE) by passing written exams.

•● Technicians should consider joining a professional 

association such as the Technology and Maintenance 

Council (TMC) to maintain technical currency.

•● SuperTech is a national truck technician rodeo held at 

the TMC annual fall meeting during which technicians 

compete for grand champion status.

•● Technicians should understand how the ELD mandate 

affects how they interact with any licensed truck: EDL 

login is required for any maneuver in which the truck 

exceeds 5 mph.

•● Autonomous and semi-autonomous trucks replace, 

or partly replace, the human driver with computer 

controls and telematics: they use photo sensors, 

radar, and lidar to map and track the vehicle 

surroundings.

•● All-electric trucks use advanced battery technology to 

achieve up to 500 miles range on a single charge. They 

are simple to operate and can sometimes outperform 

diesel powered trucks.
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Workbook
The Student Workbook reinforces the foundations pro-
vided by the textbook. In addition to special emphasis 
on the use of precision measuring tools, the Workbook 
includes study tips, practice questions, and online tasks 
to address the increasing importance of networking skills 
to truck technicians. Finally, in keeping with the objec-
tive reinforcing performance skills, the job sheets in the 
Workbook make the connection between the theoretical 
concepts in the textbook and the hands-on application 
of that knowledge, bridging theory with practice. Each 
job sheet has been correlated with all relevant 2018 ASE 
Education Foundation tasks.

Instructor Resources CD
Carefully prepared, the Instructor Resources CD brings 
together several time-saving tools that allow for effec-
tive, efficient instruction. The Instructor Resources CD 
contains the following components:

●● PowerPoint® lecture slides, which present the high-
lights of each chapter.

●● An Image Gallery, which offers a database of hun-
dreds of images in the text. These can easily be 
imported into the PowerPoint® presentations.

●● Lesson Plans provide chapter-by-chapter ASE Educa-
tion Foundation correlations, job sheet ASE Education 
Foundation correlations, chapter overviews, lecture 
outlines, and answers to the textbook and workbook 
review questions.

●● ASE Education Foundation Correlations in which the 
current ASE Education Foundation Medium/Heavy 
Truck Standards are correlated to the chapter of the 
core text and all relevant Workbook Job Sheets.

●● End-of-Chapter Review Questions, which are pro-
vided in MS Word format.

Instructor Companion Website
The Instructor Companion Website, found on 
cengagebrain.com, includes the following components 
to help minimize instructor preparation time and engage 
students:

●● PowerPoint® lecture slides, which present the high-
lights of each chapter.

●● An Image Gallery, which offers a database of hun-
dreds of images in the text. These can easily be 
imported into the PowerPoint® presentations.

●● Lesson Plans provide chapter-by-chapter ASE Educa-
tion Foundation correlations, job sheet ASE Education 
Foundation correlations, chapter overviews, lecture 
outlines, and answers to the textbook and workbook 
review questions.

●● ASE Education Foundation Correlations in which the 
current ASE Education Foundation Medium/Heavy 
Truck Standards are correlated to the chapter of the 
core text and all relevant Workbook Job Sheets.

●● End-of-Chapter Review Questions, which are pro-
vided in MS Word format.

Cengage Learning Testing Powered by Cognero is a flex-
ible, online system that allows you to:

●● Author, edit, and manage test bank content from 
multiple Cengage Learning solutions.

●● Create multiple test versions in an instant.
●● Deliver tests from your LMS, your classroom, or 

wherever you want.

Supplements
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MindTap for Heavy Duty Truck 
Systems
MindTap is a personalized teaching experience with rel-
evant assignments that guide students to analyze, apply, 
and improve thinking, allowing you to measure skills and 
outcomes with ease.

●● Personalized Teaching: Becomes YOURS with a 
Learning Path that is built with key student objec-
tives. Control what students see and when they see 

it—match your syllabus exactly by hiding, rearrang-
ing, or adding your own content.

●● Guide Students: Goes beyond the traditional “lift 
and shift” model by creating a unique learning 
path of relevant readings, multimedia and activities 
that move students up the learning taxonomy from 
basic knowledge and comprehension to analysis and 
application.

●● Measure Skills and Outcomes: Analytics and reports 
provide a snapshot of class progress, time on task, 
engagement and completion rates.

xiv  Supplements
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1

Key Terms
air brakes
American Trucking 

Association (ATA)
automated manual 

transmissions (AMTs)
automatic onboard recording 

devices (AOBRD)
autonomous
autonomous truck (AT)
axle
come-backs
Commercial Vehicle Safety 

Alliance (CVSA)
dedicated contract cartage 

(DCC)
differential

dimethyl ether (DME)
driveshaft
electronic logging device 

(ELD)
electronic onboard recorder 

(EOBR)
end yoke
Federal Motor Carrier Safety 

Administration (FMCSA)
fifth wheel
franchised dealership
freight efficiency
full trailer
gross vehicle weight (GVW)
heavy-duty truck
H-Series Certification

hotel load grid
hybrid drive
J1321
just-in-time (JIT) delivery
kingpin
landing gear assembly
less-than-truckload (LTL) 

carriers
linehaul
LIDAR
logistics
model year (MY)
multimodal transportation
multiplexing
ASE Education Foundation

National Highway Traffic 
Safety Administration 
(NHTSA)

National Institute for 
Automotive Service 
Excellence (ASE)

natural gas (NG)
original equipment 

manufacturer (OEM)
out-of-service (OOS)
owner-operator (O/O)
pickup and delivery (P&D)
policy adjustment
power
powertrain
Recommended Practice (RP)

Objectives
After reading this chapter, you should be able to:

•• Explain the basic truck classifications.
•• Define gross vehicle weight (GVW).
•• Identify the major original equipment manufacturers 

(OEMs).
•• Classify a truck by the number of axles it has.
•• Identify an on-highway truck’s major systems and its 

related components.
•• Identify various career opportunities in the heavy-

duty trucking industry.
•• Explain the job classifications offered by the truck 

industry to qualified and experienced technicians.

•• Understand the National Institute for Automotive 
Service Excellence (ASE) certification program and 
how it benefits technicians.

•• Distinguish ASE T-, S-, and H-qualifications and 
understand what is required for Master Technician 
status.

•• Identify some methods of maintaining currency as a 
truck technician.

•• Explain how the electronic logging device (ELD) 
mandate affects how technicians work on  
vehicles.

Introduction 
To Servicing 

Heavy-Duty Trucks
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2  CHAPTER 1  Introduction To Servicing Heavy-Duty Trucks

Introduction
According to the U.S. Department of Transportation 
(DOT) the total number of registered highway vehicles 
exceeded 264 million vehicles in 2016. More than 
15 percent of this total is made up of trucks and trailers 
used primarily for commercial purposes. That represents 
close to 40 million vehicles. In 2014, total registrations 
for Class 8 trucks alone exceeded 3.66 million units. 
For most of the past three decades, through periods of 
boom and recession, a shortage of truck technicians 
has existed throughout the continent. This shortage of 
technicians is worsening as the median age of those 
employed in the trucking industry increases. For a num-
ber of years, the trucking industry has retired more per-
sonnel than it recruits and in some areas of the country 
there are significant shortages. Although this may be bad 
news for freight transportation managers, it is good news 
for anyone wanting to get into the industry especially 
for those willing to move to those areas in which there 
are jobs available. Job opportunities, rates of pay, and 
potential for advancement in the trucking industry have 
never been better. Although the modern highway truck 
requires much less frequent service work to keep it in top 
mechanical condition than the truck of a generation ago, 
most of that service work performed by a truck techni-
cian today requires a higher level of skills.

Good truck technicians are in high demand. Today 
a good truck technician is required not just to diagnose 
and repair trucks but also to be computer literate, to 
regularly update technical knowledge, and to practice 
customer service skills. Perhaps more than any other 

skill set, the skill most required of the modern truck 
technician is that of being a lifelong learner to keep 
abreast of the fast-changing technology of this industry. 
One of the objectives of this chapter is to outline some 
of the strategies both student and certified technicians 
can use to maintain technical currency.

1.1 T ruck Classifications
For purposes of registering commercial vehicles for 
highway use, trucks are classified by their gross vehicle 
weight (GVW). GVW is the maximum allowable weight of 
the vehicle including the weight of the load it can legally 
carry. There are three classes of “light-duty” trucks, three 
classes of “medium-duty” trucks, and two classes of 
“heavy-duty” trucks (Table 1–1). A heavy-duty truck has 
a GVW of 26,001 pounds (11,794 kg) or more.

Original Equipment 
Manufacturers
There are four major truck manufacturers of medium- and 
heavy-duty trucks in North America. We refer to these 
manufacturers by the term original equipment manufac-
turer (OEM). In addition, the four major OEMs are being 
joined by import OEMs such as Toyota/Hino. None of the 
import OEMs as yet offers the full range of weight class 
classifications but this is expected to change. Table 1–2 
lists the major truck manufacturers of Class 8 heavy-duty 
trucks and their respective market share.

General Designation Weight Category Standard GVW (pounds) Metric GVW (kilograms)

Light-duty Class 1 up to 6,000 GVW up to 2,722 GVW

Class 2 6,001–10,000 GVW 2,722–4,535 GVW

Class 3 10,001–14,000 GVW 4,535–6,350 GVW

Medium-duty Class 4 14,001–16,000 GVW 6,350–7,257 GVW

Class 5 16,001–19,500 GVW 7,257–8,845 GVW

Class 6 19,501–26,000 GVW 8,845–11,793 GVW

Heavy-duty Class 7 26,001–33,000 GVW 11,794–14,970 GVW

Class 8 33,001 GVW and over 14,970 GVW and over

Table 1–1  Truck Weight Classifications

records of duty status 
(RODS)

repair order
semi-trailer
specialty service shops

splined yokes
S-Series Certification
straight truck
SuperTech
suspension

Technology and 
Maintenance Council 
(TMC)

torque
tractor

T-Series Certification
universal joints (U-joints)
vocational
wheel end
work order
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1.1  Truck Classifications  3

A tractor with tandem rear axles (total of 3 axles) 
where only one axle is driven by the powertrain would 
be classified as a 6 3 2; it has six wheels, but only 
two wheels (one axle) drive the vehicle. This classifica-
tion method is no different from that used to describe 
smaller vehicles. Most of us are familiar with the term 
“4 3 4,” which is the common means of describing 
four-wheel drive in an automobile or pickup truck. On 
the highways the most common heavy truck axle clas-
sification is the 6 3 4 Class 8 truck, as shown in the 
example in Figure 1–1. A 6 3 4 vehicle consists of three 
axles: a forward located steering axle and a pair of rear 
drive axles. The truck shown in Figure 1–1 is a highway 
tractor while Figure 1–2 shows some types of vocational 

Axle Classifications
The term tractor is used to describe a highway truck that 
is designed to haul a trailer. The term straight truck is 
often used to describe a highway truck not designed to 
pull a trailer. Trucks are also classified by the number of 
axles, the number of wheels, and the number of drive 
wheels. For example, a tractor with a tandem (close-cou-
pled pairs) rear axle will be either a 6 3 2 or a 6 3 4. 
The first number refers to the total number of wheels (or 
sets of wheels in the case of dual wheels). The second 
number indicates the number of wheels that are driven 
by the vehicle powertrain. The powertrain consists of the 
engine, clutch, transmission, drive shafts, differentials, 
and drive wheels.

Annual North American Market Sales Percentage in January 
2018 Reported by Transport Topics Magazine.

OEM Corporation % Total Brand % Total

Daimler AG 38.8% Freightliner 36%

Western Star 2.8%

DAF-Paccar 29% Peterbilt 17.3%

Kenworth 11.7%

International 
Trucks

14.9% Navistar 14.9%

Volvo-Mack 17.5% Mack Trucks 8.5%

Volvo Trucks 8.8%

Table 1–2  Market Share by OEM: Class 8 Trucks Figure 1–1  A MY 2017 Class 8 highway tractor

Figure 1–2  Examples of on-highway vocational trucks
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4  CHAPTER 1  Introduction To Servicing Heavy-Duty Trucks

The less common full trailer fully supports its load; in 
other words, a full trailer does not rest a portion of its 
weight on the tractor (or trailer in a train combination) 
hauling it.

Freight Efficiency
The most common type of trailer is the semi van 
trailer. For a couple of generations, 48-foot trailers 
were dominant on our highways. However, since the 
acceptance of 53-foot trailers by most jurisdictions in 
2007, companies rapidly renewed their trailer fleets 
to take advantage of the increased cargo volume and 
potential to reduce fuel consumption per ton hauled. 
Today, the term freight efficiency is being used to jus-
tify heavier loads, longer trailers, and multiple trailer 
combinations, a trend that is likely to continue. Most 
of the trucking industry favors replacing the term fuel 
economy by freight efficiency, because it is more 
accurate. Freight efficiency factors the volume and 
weight of cargo hauled to fuel consumed, rather than 
the more vague miles-per-gallon equation of vehicle 
fuel economy. Also due to its potential to reduce han-
dling costs, multimodal transportation systems are 
rapidly increasing in popularity.

Multimodal Containers
Multimodal transportation refers to containers that 
can be moved by truck, railway, ship, and even aircraft 
while keeping load and unload costs to a minimum. 
Containers are ideal for stacking on ships and railway 
flatbeds but a primary design consideration is adapt-
ability to haulage by transport truck. Following the 
acceptance by most jurisdictions of 53-foot highway 
trailers, there has been a shift toward 53-foot multi-
modal containers. There is a wide range of specialty 
trailers, including dry bulk carriers, refrigerated trail-
ers (reefers), and tank trailers as shown in Figure 1–4. 
We take a closer look at the many different types of 
trailers in Chapter 33.

Motor 
Vehicle

Total 
Wheels

Driven 
Wheels

Total 
Axles

Drive 
Axles

4 3 2 4 2 2 1

4 3 4 4 4 2 2

6 3 2 6 2 3 1

6 3 4 6 4 3 2

6 3 6 6 6 3 3

8 3 4 8 4 4 2

8 3 6 8 6 4 3

Table 1–3  Truck Classification by Wheel Number

6 3 4 6 3 2 4 3 4

Fuel efficiency Lowest Medium Best

Traction Best Medium Lowest

Maneuverability Least Least Best

Payload Highest Medium Lowest

Table 1–4  Comparative Advantages of Highway 
Tractor Configurations

Figure 1–3  Tractor-trailer combination: a dual axle 
semi-trailer coupled to a 6 3 4 tractor. This is the most 
common rig observed on our highways

trucks. A tractor is designed to haul trailers. Table 1–3 
lists the common axle–wheel configurations and their 
driven wheels and axles.

6 3 4 versus 6 3 2 versus 4 3 2
Up to the present day the most common highway tractor 
is the 6 3 4 configuration, but a shift toward improved 
fuel economy is beginning to change this. Outside of 
North America there has been wider acceptance of 
4 3 2 tractor units and this is related to lower cargo 
payload limits and better fuel economy. Comparative 
fuel economy usually references the SAE J1321 test, 
which attempts to ensure that strict rules are used to 
evaluate fuel consumption tests in commercial trucks. 
Comparative advantages and disadvantages of each con-
figuration based on J1321 testing and simplified are 
listed in Table 1–4.

Trailers
There are many trailer designs, sizes, and applica-
tions. A majority of the trailers we see on our highways 
are semi-trailers such as that shown in Figure 1–3. A 
semi-trailer is one that depends on the tractor to sup-
port at least some of its weight. The semi combina-
tion shown in Figure 1–3 is the most common truck 
configuration seen on our roads. In this figure, a dual 
axle semi-trailer is being hauled by a 6 3 4 trac-
tor in an arrangement we know as an “18-wheeler.” 
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1.2  Heavy-Duty Trucks  5

(nose) as well as between the rear of the tractor and 
semi-trailer landing gear assembly to allow for sharp turns 
and the effect of grade changes.

1.2  Heavy-Duty Trucks
Heavy-duty truck technicians need to understand the 
systems and components that power or move, slow and 
stop, control, direct, support, and stabilize a tractor/trailer 
combination. Figure 1–6 shows some of the components 
discussed in this book. The following major systems are 
found in on-highway trucks. More information on the 
classification of trailers can be found in Chapter 33.

Commercial Truck Data
In 2017, the trucking industry accounted for 79.8 per-
cent of the freight revenues in the United States and 
Canada, generating $676 billion. Air, sea, and rail freight 
combined accounted for the remaining 20 percent. The 
nearly 40 million registered trucks on our roads paid over 
$40 billion to state and federal coffers in the form of 
user fees and taxes, along with consuming over 38 bil-
lion U.S. gallons of fuel. It is in no way misleading to say 
that the economy of the United States runs on trucks!

Rig Dimensions
Tractor and semi-trailer dimensions are provided in 
Figure 1–5. An important consideration in determining 
tractor/semi-trailer dimensions is the distance between 
the two vehicles when coupled. There must be sufficient 
clearance between the tractor cab and semi-trailer front 

Figure 1–4  A five-axle tanker semi trailer coupled 
to a tractor: weight-over-axle restrictions by some 
jurisdictions requires multiple trailer axles

Figure 1–5  Truck/trailer dimensions and terms

BBC

BA
WB
CA AF

BL

CE

A

WB

AFCA
CE

BBC

BA

FH

OWB
OAL

TL

BBC CT

CFW

LGC

WB

KP FW

Dimensions
A Distance from centerline of rear axle to centerline of body and/or payload.  

                Centerline of body (as     body length)

AF Center of rear axle to end of frame
BA Bumper to centerline of front axle
BBC Bumper to back of cab
BL Body length
CA Back of cab to centerline of rear axle or tandem suspension
CE Back of cab to end of frame
CFW Back of cab to centerpoint of kingpin hole in 5th wheel
CT Back of cab to front of semi-trailer in straight-ahead relationship
FH Frame height
FW Centerline of rear axle or tandem to centerpoint of 5th wheel
KP Kingpin setting—front of semi-trailer to centerpoint of kingpin on semi-trailer
LGC Landing gear clearance—center point to nearest interference point
OAL Overall length
OWB Overall wheel base
TL Semi-trailer length
WB Wheel base—distance between centerline of front and rear axle or tandem 
 suspension

Terms
Chassis: Basic vehicle-cab, frame, and running gear
Body: Container in which the load is carried
Payload: Commodity to be carried
Curb weight: Finished vehicle weight, excluding cargo or occupants
Body weight: Weight of complete body to be installed on chassis
Payload weight: Weight of commodity to be carried
Gross vehicle weight (GVW): Total or curb, body, and payload weight

1–
2
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6  CHAPTER 1  Introduction To Servicing Heavy-Duty Trucks

For this reason, it has been adopted as an ideal fuel for 
city transit applications, especially on the West Coast. 
Volvo have recently introduced dimethyl ether (DME) 
fueled trucks to provide another alternative fuel option. 
Like NG, DME is composed primarily of methane, but it 
can be sourced from waste biomass fermentation.

Regardless of the fuel used, all engines today are 
computer controlled, and diesel power will be the engine 
of choice for the foreseeable future. Diesel engines 
cost less to operate, are more dependable, require less 
downtime for repairs, and are capable of generating a 
combination of more power (140 to 600 horsepower for 
on-highway trucks) and torque (180 to 2,000 lb-ft.) than 
equivalently sized NG or gasoline engines. Power speci-
fies the engine’s ability to move, or propel, the vehicle 
and is measured in horsepower. Torque is the potential 
ability of a rotating element (gear or shaft) to overcome 
turning resistance and is measured in pounds per linear 
foot. It is twisting force.

Current highway diesel engines are electronically 
controlled—that is, computer controlled—such as the 
example shown in Figure 1–7. Electronic controls maxi-
mize power output while minimizing emissions. In addi-
tion, various engine support systems such as air intake, 
fuel injection, exhaust, lubrication, and cooling work 
together to keep the engine running properly. Figure 1–8 

Of the registered commercial trucks, Class 8 trucks 
account for about 10 percent, or 3.68 million, of the 
total. In the United States today, 7.4 million workers are 
employed in trucking-related occupations: as drivers and 
technicians, as well as in logistics, manufacturing, and 
management. While the large fleets attract more focused 
attention, it is interesting to note that the trucking indus-
try is primarily made up of small businesses:

●● 91 percent of motor carriers operate 6 or fewer 
trucks

●● 97 percent of motor carriers operate fewer than 
20 trucks

While dominating freight revenues, trucking also 
dominated domestic freight tonnage, moving just under 
70 percent of the total tonnage. 

Engines
Current commercial heavy-duty trucks are powered 
almost exclusively by diesel engines. In fact, most com-
mercial medium- and light-duty trucks also use diesel 
power today. However, in recent years, the abundance of 
less costly, domestically sourced natural gas (NG) is mak-
ing some fleets consider NG-fueled engines: the down-
side is a less developed fueling and repair infrastructure. 

Figure 1–6  Some of the components found on a Class 8 heavy-duty truck

Tires

Transmission

Fuel tank

Exhaust gas
aftertreatment

system
Clutch

Hub-piloted disc wheel

Hubs

Suspension

Aluminum disc wheels

Air disc brakes

Differential
carrier

Spring brake chambers

Frame rails

Fifth
wheel

Drive
shafts

Antilock brakes
controller

Steering

Marker lights

Air horns

Battery and electrical systems

Engine
control module

(ECM)

Engine

Headlights

Grill 

Collision mitigation
antenna

Headlights
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1.2  Heavy-Duty Trucks  7

Figure 1–8  Open-hood view of the engine 
compartment in a current diesel-powered truck

Figure 1–7  Current heavy-duty, Class 8 trucks are powered by computer-controlled diesel engines such as this 
Detroit Diesel DD15

shows the engine compartment of a current Class 8 high-
way tractor.

Hybrid Drive
Hybrid drive technologies have been introduced 
recently. Hybrid drive systems make a lot of sense in 
specialized vocational trucks used in inner city, stop-start 
applications. They also have been embraced by urban 

transit authorities interested in reducing emissions and 
lowering fuel costs. Hybrid drive systems used today can 
be divided as follows:

●● Diesel electric series drive: consists of a small diesel 
engine powering a generator/motor and battery bank. 
Vehicle can only move under electric motive power.

●● Diesel electric parallel drive: consists of a small die-
sel engine powering a generator/motor/battery bank 
and mechanical drivetrain. Vehicle can option elec-
tric or engine drive. It is the most common technol-
ogy used in hybrid urban transit buses.

●● Diesel hydraulic series drive: consists of a small 
diesel engine powering a hydraulic motor/pump and 
accumulator. Vehicle can only move under hydraulic 
motive power.

●● Diesel hydraulic parallel drive: consists of a small 
diesel engine powering a hydraulic motor/pump and 
mechanical drivetrain. Vehicle can option hydraulic 
or engine drive. It is the most common technology 
used in hybrid urban pickup and delivery vehicles.

This textbook covers heavy-duty chassis systems 
but does not include information on commercial vehicle 
engine systems. This information is covered in a com-
panion textbook (Medium/Heavy Duty Truck Engines, 
Fuel, and Computerized Management Systems, Fifth 
Edition).
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8  CHAPTER 1  Introduction To Servicing Heavy-Duty Trucks

motor. Some older trucks have 24-volt starters that 
require a series-parallel switch in the system. In addi-
tion, the electrical systems of heavy-duty trucks provide 
electricity to operate such safety components as lighting, 
windshield wiper motors, and gauges plus the operation 
of the computers, accessories, and tractor cab amenities.

Clutches
Most current heavy-duty trucks use either a push- or 
pull-type clutch, but more recently, centrifugal and wet 
clutches have been integrated with some types of trans-
mission. Trucks equipped with high-torque engines and 
designed to haul heavy payloads use a two-plate clutch. 
Two-plate clutches double the friction contact area of 
the clutch compared with a single-plate clutch. The 
additional friction contact surface area is necessary to 
transmit high torque to the transmission without slip-
page. Lighter-duty trucks may use a single-plate clutch 
assembly. Clutches used with automated manual trans-
missions are managed electronically but most use the 
same fundamental principles as mechanical clutches.

Torque Converters
Torque converters are used to transmit engine torque to 
fully automatic transmissions. Automatic transmissions 
are not as widely used in commercial trucks as they 
would be in automotive applications but they are more 
common in transit bus and vocational truck applications. 
Torque converters are fluid couplings that use hydrody-
namics to multiply the input to output torque ratio.

Transmissions
Heavy-duty truck transmissions can be classified as:

●● Conventional
●● Semiautomated
●● Automated
●● Fully automatic

Transmission gears, shafts, bearings, forks, and other 
internal components must perform for thousands of hours, 
hundreds of thousands of miles, year after year. It is not 
unusual for a truck transmission to run for a half million 
or even a million miles with little maintenance other than 
checking lubrication levels and observing drain intervals.

A majority of heavy-duty trucks are equipped with 
standard (manual) transmissions (see Chapter 15) but 
many of these are computer-controlled, automated units 
known as automated manual transmissions (AMTs). In 
addition, the market share of electronically controlled 
fully automatic transmissions continues to increase. 
Depending on engine output, the intended application 

Alternative Fuel Vehicles
Despite the advantage of lowering emissions, especially 
in short haul and delivery applications, the market popu-
larity of alternative fuel commercial vehicles is, to some 
extent, tied to the cost of petroleum. Current alternative 
fuel commercial engines are: 

●● Propane
●● Liquified natural gas (LNG)
●● Compressed natural gas (CNG)
●● Dimethyl ether (DME)

Unlike the preceding technologies, hydrogen-fueled 
vehicles produce zero emissions during combustion; 
however, large quantities of electricity are required to 
electrolytically manufacture hydrogen from water, so the 
means of producing the electricity must be considered. 
In addition, storing hydrogen onboard a truck chassis 
is challenging due to the high compression pressures. 
That said, most of the engine OEMs are currently test-
ing hydrogen-powered, vehicles, so it is only a matter of 
time before they appear on our roads. Figure 1–9 shows 
a propane-fueled pickup and delivery van. 

Electrical Systems
The batteries, alternator, and starter must be sized to 
match the operating requirements of the engine and 
chassis electrical systems. Coverage of truck electrical 
and electronic systems appears in Chapters 5 through 11 
in this textbook. Most heavy-duty trucks have between 
two and four batteries to supply current for the starter 

Figure 1–9  Propane-fueled pickup and delivery van

87109_ch01_hr_001-026.indd   8 6/27/18   11:10 AM

Copyright 2020 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-203



1.2  Heavy-Duty Trucks  9

Drive Shafts
A flange or end yoke splined to the output shaft of the 
transmission transfers engine torque to the drivetrain (see 
Chapter 22). The driveshaft is a hollow tube with end 
yokes welded or splined to each end. Splined yokes allow 
the drive shaft to increase and decrease in length while 
rotating to accommodate movements of the drive axles. 
Sections of the drive shaft are connected to each other and 
to the transmission and differentials with universal joints 
(“U-joints”). The U-joints allow torque to be transmitted to 
components that are operating on different planes.

Axles
Axles provide a mounting point for the suspension sys-
tem components, wheels, and steering components. The 
drive axles also carry the differential gearing and axle 
shafts (Figure 1–11). The differential transfers the motion 
of the drive shaft, which is turning perpendicular (at a 

of the vehicle, and the terrain over which it must operate, 
a commercial truck transmission might have from six to 
twenty forward gears.

Conventional Transmissions
Conventional transmissions have two or three coun-
tershafts that transmit engine torque from the input 
shaft to the output shaft. This divides the torque two 
or three ways so that there is less stress on individual 
gears, extending the service life of the transmission. Con-
ventional transmissions are ratio shifted directly by the 
driver, sometimes assisted by pneumatic (air) pressure. 
For this reason they are sometimes known as manual 
transmissions.

Automated Manual Transmissions
Automated manual transmissions (AMTs) adapt a con-
ventional standard transmission platform to electronic 
controls. The guts of the conventional transmission 
remain unchanged. However, the unit is adapted so 
that the responsibility of selecting and shifting ratios is 
electronically controlled. Automated transmissions are 
categorized as:

●● Semiautomated: also known as three-pedal auto-
mated transmissions because the driver is required 
to use the clutch under some circumstances. These 
were the first generation of AMTs.

●● Automated: commonly known as two-pedal auto-
mated transmissions because the clutch is actuated 
automatically, eliminating the clutch pedal.

Automatic Transmissions
Most automatic transmissions use planetary gearsets to 
transmit drive torque through different ratios. They are 
coupled to the engine by a type of fluid coupling known 
as a torque converter. Fully automatic transmissions are 
initially high-cost components, but in vocational appli-
cations, which require constant shifting, they are often 
cost effective over time. In 2014 to address the gearing 
requirements of Class 8 tractors, Allison introduced an 
innovative power-shift automatic transmission that uses 
a combination of conventional and planetary gearing.

Computer-controlled, automated, and automatic trans-
missions are becoming increasingly popular, in part due 
to a shortage of truck drivers and retaining existing driv-
ers. Electronically managed shifting tends to be popular 
with new generation, younger drivers. Computer-controlled 
transmissions require a lower level of driver skills and 
reduce driver fatigue. In addition, they are not vulnerable 
to shifting abuse practices that often shorten the life of 
conventional transmissions. Figure 1–10 shows an elec-
tronically controlled, fully automatic Allison transmission.

Figure 1–10  An allison computer-controlled 
transmission

Figure 1–11  Axle and drive shaft components
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